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Abstract: A single-mirror small-size (1M-SST) Davies-Cotton telescope has been proposed for the southern
observatory of the Cherenkov Telescope Array (CTA) by a consortium of scientific institutions from Poland,
Switzerland, and Germany. The telescope has a 4 m diameter reflector and will be equipped with a fully digital
camera based on Geiger avalanche photodiodes (APDs). Such a design is particularly interesting for CTA
because it represents a very simple, reliable, and cheap solution for a SST. Here we present the design and
the characteristics of the mechanical structure of the 1M-SST telescope and its drive system. We also discuss
the results of a finite element method analysis in order to demonstrate the conformance of the design with the
CTA specifications and scientific objectives. In addition, we report on the current status of the construction of
a aprototype telescope structure at the Institute of Nuclear Physics PAS in Krakow.
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1 Introduction
A consortium of scientific institutions from Poland,
Switzerland, and Germany has recently proposed a single-
mirror small-size (1M-SST) telescope for the southern ob-
servatory of the Cherenkov Telescope Array (CTA) [1].
The telescope utilizes a Davies-Cotton design – a classic
telescope type used in very high-energy ground-based as-
tronomy. 1M-SST will be equipped with a fully digital
and lightweight camera based on Geiger avalanche photo-
diodes (APDs) with the physical plate scale size of 24 mm
(see [2]). With the assumed angular pixel pitch p = 0.25
deg, the telescope focal length, i.e., the distance from the
center of the dish to the camera pixel plane, is thus f = 5.6
m. To assure that the optical point-spread function of the
telescope is smaller than 0.25 deg at 4 deg off-axis, a re-
flective dish with diameter of 3.98 m is needed. This re-
sults in the camera field-of-view of 9 deg. The telescope’s
effective mirror area, corrected for the effect of shadowing
by the camera and the mast, is 7.6 m2.
The 1M-SST telescope thus represents a compact struc-
ture. The use of silicon photomultipliers (PMTs) results
in a low weight of the photodetector plane of 30 kg and
the full camera weight of less than 300 kg. Hence, a num-
ber of engineering problems, challenged in earlier designs
(e.g., H.E.S.S. or VERITAS telescopes [3, 4]) are largely
relaxed. The latter were caused by a necessity of support-
ing a heavy and large camera based on analog PMTs on
the mast of a telescope with a large focal length ( f > 10
m). A design of a low-cost solution for a 1M-SST that can
be easily replicated to form a high-energy sub-array of the
CTA is therefore feasible.
The design of the 1M-SST structure is described in this
work. In sections 2.1 and 2.2 the telescope’s mechanical
structure and drive system are presented, respectively. The
results of the finite element method (FEM) analysis are
shown in section 2.3. Finally, in section 3 a current status
of the construction of a prototype telescope structure at the
Institute of Nuclear Physics PAS in Krakow is reported.
2 Telescope Structure
2.1 Frame
The telescope frame consists of several sub-systems as
shown in figure 1. The mast (1) is directly connected to the
dish support structure (2), to which the counterweight (3)
is also attached. The rigidity of the mast is increased by
the use of thin pre-tensioned steel rods. The mast positions
the camera (4) with respect to the mirrors (5) mounted on
the dish (6). The latter is fixed to the dish support structure
mounted on the telescope support (tower, 7). Finally, the
dock station (8) locks the telescope in a parking position.
The telescope is a compact and lightweight structure. Its
hight is about 5 m, measured from the base of the tower,
its width is 3.3 m, and the total length is 9.3 m. To cut
the transportation costs a division of the telescope structure
into smaller units that fit the standard size of a shipping
container is applied. With steel used as a basic construction
material, the telescope weighs less than 9 tons, including
counterweights and the components of the drive system.
The low weight, the fact that all steel profiles and tubes
can be obtained as off-the-shelf products from the industry
and that the design uses as many as possible identical
components lowers down the cost of manufacturing and
guarantees a low price of the telescope frame.
The layout of 18 mirror tiles that make up the reflecting
dish of 4 m diameter is shown in figure 2 (left). Hexagonal
mirrors of size 0.78 m flat-to-flat are used, with space
between the tiles of 2 cm. The radius of curvature of a
single mirror is 11.2 m. The dish structure is built of square
steel profiles. It is to be connected to the dish support
structure at four points, visible in figure 2 as pads. The
required spherical shape of the dish is obtained with two
hexagonal sections welded to eight straight star-forming
profiles. A precise positioning of the mirrors with respect
to the camera is accomplished through a use of dedicated
mirror fixtures (see figures 2 and 3).
The mirror fixture design is presented in figure 3. The
fixture consists of an aluminium triangular frame with
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Figure 1: 1M-SST sub-systems. Drawings in figures 2, 4, and 5 are based on a technical documentation of the telescope
structure. See text for the explanation of figure markings.
three fixing points and a steel threaded rod with a sphere at
one end and a threaded flange at the other end. The flanges
are bolted to the dish. The use of the threaded rod enables
Figure 2: Layout of 18 mirror tiles on the dish in the
rear/back view (left). The dish connected to the dish sup-
port structure (right).
!"#$%&'$(
!"#
)*+,$-.$(
).-/-01$($234
*5/&
67&8-9-157:$*5;-&< !0//01
6&7'07951>&$%&?@-7&9&1/<$7&;-&A
65B&$($4\ D2
           
Figure 7.1.9: Mirror fixture with interfaces (left) and mirror attached (right)
Mast and dish support structure
The design of the mast guarantees a proper setup of the camera with respect to reflecting mirror surface at 
the focal distance of 5.6 m. The main components of the mast, Fig. 7.1.10, are eight circular steel tubes (1)
OD= 0.06 m and m thick  bolted together into four longer beams (2) to provide the required focal length. 
At one end the four tubes are connected with the camera interface (3) that is made of aluminium sheet.  At 
the second end the tubes are bolted to the dish support structure (4). The applied solution practically 
disconnect  deformations of the mast from the deformations of the dish. 
Figure 7.1.10: Mast design
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Figure 3: Mirror fixture with interfaces (left) and the mir-
ror a ta hed (right).
a precise positioning of a mirror at the focal length dis-
tance from the telescope’s optical center. The sphere of the
threaded rod is tightened in the central fixing point of the
triangular frame to create a hinge that allows for additional
degrees of freedom during a preadjustment of a mirror ori-
entation.
The final precise alignment of the mirrors is to be
performed by means of the automatic motor controllers
(AMCs), called actuators. Each mirror fixture houses three
interfaces that provide 3-point isostatic support to a mir-
ror. One interface is a so-called fixed point support (1, fig-
ure 3). Two other interfaces are actuators (2), which give
a mirror facet two rotational degrees of freedom. The mir-
rors are fixed to these interfaces via steel pads (3) glued on
the mirrors’ rear surfaces. Note, that the design of the mir-
ror fixtures applied here does not only enable an arcminute-
level stable alignment of the mirror facets relative to the
camera, but it also allows for a simple and easy mount-
ing/dismounting of the mirrors on/from the dish.
The design of the mast (see (1) in figure 1) guarantees
a proper setup of the camera with respect to the reflecting
mirror surface at the telescope’s focal distance of 5.6 m.
The mast is built of eight circular tubes that are bolted to-
gether into four longer beams. The beams are connected
with the camera housing at one end, and with the dish sup-
port structure at the other end. In this way the mast does not
incur any mechanical stresses to the dish so that all mast de-
formations are practically disconnected from the deforma-
tions of the dish. A rectangular frame roughly in the mid-
dle of the mast increases the stiffness of the mast structure
and also facilitates its transport. The rigidity of the mast is
additionally increased by the use of sixteen steel rods. The
rods are pre-stressed with a force of 2000 N and fixed to
the long tubes by means of turnbuckles. To assure a proper
geometry of the mast, eight special-design interfaces be-
tween the rectangular frame and the beams must be used.
Their shape is identical but requires computer numerical
control (CNC) machining. Note, that such interfaces are
not needed at points in which the mast is connected to the
dish support structure.
The dish support structure is shown in figure 4. It is com-
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Figure 4: Design of the dish support structure.
posed of various components. Two forks/Y-shaped frames
(1) are box structures welded out of steel sheets and tubes.
The forks are spaced with four tubes (2). As mentioned
above, the beams of the mast are bolted to the four ends
of the forks. Counterweights are fixed at their two remain-
ing ends. Four struts (3) and steel sheets (wings) (4) pro-
vide the necessary stiffness of the structure. The latter also
improve the resistance to the wind blows. There are also
two circular tubes with pads (5) incorporated in the forks.
Figure 5: Design of the telescope support.
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Figure 8.2.1: The drive system movement range in elevation (left) and azimuth (right)
8.2.1 Drive system requirements
The drive system parameters have been determined according to the CTA requirements for 1M SST 
available at the time the calculations were made. The assumed environmental conditions specify the
telescope site altitude at 2500 m above sea level and the operation temperature range between 20 C and 
+30 C. The observation mode assumes the average maximum wind velocity of 50 km/h and the emergency 
mode allows for a safe parking of the telescope in conditions with the maximum wind velocity reaching 100 
km/h, including gusts. The emergency mode also includes the possibility of reaching the parking position at 
the decreased angular acceleration in the case of a failure of one of the drives.
It is assumed that in the operation mode the telescope can fast slew to any defined point in the sky 
within 1 minute, including 6 seconds for both the acceleration at a constant rate from the start out position 
and the deceleration. Resulting maximum angular velocities are max,a=6 /sec and max,e=2 /sec with respect 
to the azimuth and the elevation axis, respectively. The positioning accuracy is taken within 7 arcsec and the 
tracking accuracy is assumed not to exceed 5 arcmin
8.2.2. Drive mechanical torque calculations
For the conditions thus specified mechanical torques and power requirements have been calculated that 
allowed for the selection of the drive system components. The calculations follow the guidelines of the 
“Drive Power Estimates for CTA Telescopes” document, provided by the Project Office. The method uses a 
simplified approach that assumes the mechanical shaft power (the power required to move the telescope at 
the elevation and azimuth axes) to comprise of three components: the friction power, the wind power  and 
the power required to accelerate the telescope. The total mechanical power is calculated as the product of the 
required total mechanical torque and the telescope angular velocity. The maximum values of the latter are 
given above. Tables 8.2.1 and 8.2.2 below present the maximum total torques about each axis and their 
components. Details of the calculations are provided in a separate document.
Figure 6: 1M-SST drive system movement range in eleva-
tion (left) and azimuth (right).
The pads represent the interfaces to which the elevation
drive system components (slew drive and the ball-bearing
mounted on the sides of the h ad of the telescope support)
are bol ed.
The 1M-SST telescope support is built of two main com-
ponents: the tower (1) and the head (2), figure 5. The el-
ements of the azimuth drive system (3) are incorporated
int the tower, whil these of the elevation drive system (4)
into the head. The tower must be bolted to a foundation in
which a steel anchor grid structure with reinforcements is
embedded. The slew drive (drawn in grey in figur 5) re-
alizing the azimuth rotatio of the telescope is fixed to the
conical part of the tower (the tower cap). Inside the tower,
there is a radial ball-bearing connected to the azimuth slew
drive with the tube, that stabilizes the whole structure. The
housing of the azimuth ball bearing inside the tower can
be accessed for installation and maintenance purposes via
two openings.
The head is rotated by the azimuth slew drive. The ele-
vation drive system components, including the slew drive
and the ball-bearing, figure 5, are bolted to the pads of the
dish support structure (see figure 4). The slew drives and
the bearings of both the azimuth and elevation drive sys-
tems are identical.
2.2 Drive System
As introduced in section 2.1, a positioning and tracking sys-
tem of the telescope is realized with two independent drive
axes: the azimuth axis and the elevation axis. The range for
the telescope movement in elevation and azimuth is shown
in figure 6. The drive system of each axis is based on an
IMO [5] slew drive and a radial ball-bearing. An IMO
slew drive is a compact system that combines a warm gear
with a motor and also a roller bearing, thus enabling trans-
mission of both radial and axial forces. It has a fully en-
closed and self-supporting housing. Rotating components
are fixed to the housing with bolts. Each IMO slew drive
selected for the 1M-SST contains a twin warm gear with
two servo-motors. Such a solution helps to increase the
torque capacity and to eliminate backlash that is needed to
achieve a required pointing accuracy of 7 arcsec and the
tracking accuracy less than 5 arcmin. The drive system of
the medium-size telescope (MST) for CTA is also based on
the IMO slew drives and the choice of this type of drives
for the 1M-SST has been partially done for the sake of
the uniformity among the various CTA telescope array sub-
components. For this reason the concepts for control soft-
ware and structure and safety will also be elaborated based
on the MST solutions.
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2.3 FEM Analysis
The 1M-SST telescope structure design has been opti-
mized based on the static FEM analysis. In order to per-
form such analysis a simplified computer-aided design
(CAD) model of the telescope structure was built with AN-
SYS [6]. The model allows for an investigation of the struc-
ture deformations and mechanical stresses under gravity,
wind, snow, and ice loads, and also for the earthquake con-
ditions. The results show that the design of 1M-SST meets
CTA optical requirement that the maximum displacement
of the camera with respect to the dish is smaller than 1/3
of the pixel size for the extreme observing mode condi-
tions. The latter assume the maximum wind velocity with
gusts of 50 km/h (the average velocity of 36 km/h) dur-
ing which observation runs can still be taken. The resulting
maximum displacement is 8.2 mm for the back-wind con-
ditions and the telescope at 60 deg in the elevation angle.
The maximum equivalent stresses in the structure are also
well below the elasticity limit for the steel. With Re = 240
MPa the safety factor is about 3. Similar FEM analysis
was conducted for the survival mode conditions. They al-
low for the wind velocity to reach 200 km/h while the tele-
scope is locked in the parking position. Also in this case all
stresses are well below the plasticity of the materials used
for the mechanical construction. Preliminary FEM calcula-
tions show that the same is true if the earthquake loads are
considered. Finally, the modal analysis, figure 7, demon-
strates that the lowest eigenfrequency of the structure is
3.8 Hz. Thus it is well above the minimum value of 2.5 Hz
specified for CTA telescopes.
Note, that the FEM calculations performed demonstrate
a full conformance of the design with the CTA specications
and scientic objectives.W[9(,.-,&-.$)"#(
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Figure 7: Results of the modal analysis showing the three
lowest eigenfrequencies and their corresponding modes.
The elevation angle is given in parantheses.
3 Towards 1M-SST Prototype
Based on the design presented in section 2 a prototype
telescope structure with drive system will be constructed
at the Institute of Nuclear Physics PAS in Krako´w. The
elements of the drive system have already been ordered.
The technical design of the telescope frame has recently
been prepared by an industrial partner. A call for tender
for manufacturing of the telescope components and pre-
installation at the INP PAS site will soon be placed. It is
foreseen that the 1M-SST prototype will be ready for tests
by the end of 2013.
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